Background: Human immunodeficiency virus (HIV) and tuberculosis (TB) are among the leading causes of death among women of reproductive age worldwide. TB is a significant cause of maternal morbidity. Detection of TB during pregnancy could provide substantial benefits to women and their children.
INTRODUCTION
Tuberculosis (TB) is a leading cause of death among women worldwide. An estimated 700,000 women died from TB in 2008 compared with an estimated 342,900 who died from maternal causes in the same year; TB was the third leading cause of death worldwide among women aged 15 to 44 years. 1, 2 Feminization of the human immunodeficiency virus (HIV) epidemic has increased the burden of TB among women of reproductive age.
1 TB is also a leading cause of maternal mortality in high HIV prevalence settings [3] [4] [5] and is often underdiagnosed among women as a result of barriers to accessing care and low index of suspicion for TB among those presenting with symptoms. [6] [7] [8] [9] TB in women of reproductive age impacts not only on their own health, but also on the health of their pregnancies and children. Like HIV, TB may be transmitted from mother to child in utero, intrapartum, and postpartum. Even when TB is not transmitted to an infant, it has adverse consequences for fetal and neonatal health, including increased risk of premature birth, intrauterine growth retardation, low birth weight, and mortality. [10] [11] [12] [13] TB/HIV coinfection in pregnant women has also been shown to increase the transmission of HIV from mother to child. 10, [13] [14] [15] There are little data, however, on the prevalence of TB among HIV-seronegative pregnant women and whether TB screening should be offered to all pregnant women or only to HIV-seropositive pregnant women.
Antenatal care is an important point of contact between women, regardless of HIV status, and the healthcare system and offers a unique opportunity to access large numbers of women of reproductive age. Our objective was to integrate active case-finding for TB with delivery of antenatal and prevention of mother-to-child transmission (PMTCT) services and to report on the number of TB cases detected by this intervention among HIV-seropositive and -seronegative women presenting for their first antenatal clinic visit.
METHODS

Setting and Study Population
This cross-sectional operational study was conducted between December 2008 and July 2009 at six public antenatal clinics supported by the Perinatal HIV Research Unit to provide PMTCT services in Soweto, South Africa. Five of the clinics were community-based primary care facilities and one was a hospital-based antenatal clinic. The vast majority of pregnant women presenting for antenatal care in Soweto are black African, most of whom are of Zulu or Sotho ethnicity. At the time of this study, the South African National Department of Health's guidelines recommended that HIVseropositive pregnant women with CD4 + T-cell counts greater than 200 cells/mL receive short-course zidovudine starting at 28 weeks gestation and single-dose nevirapine at the time of delivery, and that pregnant women with CD4 + T-cell counts 200 cells/mL or less or with World Health Organization Stage 4 disease receive antiretroviral therapy with a first-line regimen of nevirapine, stavudine, and lamivudine as soon as possible. 16 The guidelines recommended that pregnant women receiving efavirenz-based antiretroviral therapy be switched to nevirapine if in the first trimester of pregnancy, or be continued on efavirenz if in the second or third trimesters of pregnancy and be followed with fetal ultrasounds. 16 The guidelines also recommended that all pregnant women with HIV be screened for TB, but this was not happening at most antenatal clinics in the country at the time of the study. 16 In 2008, a total of 14,430 pregnant women attended the six study clinics for their first antenatal clinic visit, representing almost half of all such visits in Soweto that year. Ninety-eight percent of pregnant women attending the study clinics for antenatal services accepted HIV testing, of whom 30% were HIV-seropositive. 17 Routine PMTCT services include provider-initiated voluntary counseling and testing for HIV (VCT), provision of maternal single-dose nevirapine and short-course zidovudine, HIV support groups, infant feeding education, and free formula for infants born to HIV-seropositive mothers.
All pregnant women 18 years of age or older presenting to the six clinics, were eligible to participate in the study regardless of HIV status. Women were excluded if they presented with obstetric complications or medical emergencies, declined or were unable to provide verbal consent to participate, or were prisoners or otherwise institutionalized.
Procedures
Trained and experienced VCT counselors who provided both pre-and posttest counseling for HIV testing screened pregnant women presenting to study clinics for their first antenatal clinic visit for eligibility, and if eligible, these counselors obtained verbal consent from eligible women to participate in the study. Screening of all study participants for symptoms of active pulmonary TB was then offered during the pretest counseling session before HIV testing and regardless of HIV status. TB suspects were defined as participants with any symptom of active TB: cough for 2 weeks or longer, sputum production, fevers, night sweats, or weight loss. Information on demographics, HIV status, CD4 + T-cell count, and prior TB and HIV history was also collected. Clinic nurses reviewed the symptom screening questionnaire and collected a single spontaneously expectorated sputum specimen from study participants with any symptom of active TB while they were waiting for their HIV result. Sputum induction was not performed. HIV testing was performed according to the South African national algorithm for serial rapid testing. All samples were first tested with Determine rapid test kits (Abbott Laboratories, Abbott Park, IL) and, if positive, were then tested with the Uni-Gold rapid test kits (Trinity Biotech, Wicklow, UK). Uni-Gold reactive samples were considered confirmed positive. Uni-Gold nonreactive samples were considered indeterminate and specimens were sent to the South African National Health Laboratory Service for confirmatory HIV enzyme-linked immunosorbent assay testing. HIV results were relayed to pregnant women at the same clinic visit unless an HIV enzyme-linked immunosorbent assay was required.
Sputum specimens were transported to the public sector TB laboratory, the National Health Laboratory Service, for fluorescence microscopy, culture in the Mycobacterial Growth Indicator Tube System (BD, Sparks, MD), mycobacterial identification, and conventional drug-susceptibility testing to isoniazid and rifampin. TB suspects were also referred to the TB clinic at the study site for further evaluation as indicated, the results of which were not collected by the study. TB diagnostic and treatment services were available for free at public sector TB clinics throughout Soweto. TB cases identified by the study were referred to the TB clinic at the study site for treatment. The standard TB treatment regimen, regardless of HIV status, was a 2-month intensive phase of isoniazid, rifampin, ethambutol, and pyrazinamide followed by a 4-month continuation phase of isoniazid and rifampin. 18 Definitions, Analysis, and Outcomes TB cases were defined as participants with sputum mycobacterial cultures that were positive for Mycobacterium tuberculosis or with acid fast bacilli (AFB)-positive sputum smears but missing, contaminated, or negative mycobacterial cultures. The primary outcome of interest was the prevalence of active pulmonary TB among HIV-seropositive and -seronegative pregnant women. The secondary outcomes of interest were risk factors for active pulmonary TB, rates of AFB positivity among TB cases, and proportion of TB suspects from whom sputum was successfully collected. We estimated that the prevalence of undiagnosed pulmonary TB among HIV-seronegative pregnant women would be 500 per 100,000 and among HIV-seropositive pregnant women would be 2000 per 100,000. 19, 20 Assuming a significance level of a = 0.05, power 1-b = 90%, and that we would enroll about twice as many HIV-seronegative as -seropositive pregnant women, we estimated that we would need to enroll 988 HIV-seropositive and 1976 HIV-seronegative pregnant women for a total sample size of 2964 participants to detect a four-fold higher prevalence of TB among HIV-seropositive than -seronegative participants. We estimated that to measure a TB prevalence of 500 per 100,000 among HIV-seronegative women 19, 20 with 95% confidence intervals of 6 1000, 500, and 200 per 100,000 that we would have to enroll 191, 764, and 4778 HIV-seronegative participants, respectively. We estimated that to measure a TB prevalence of 2000 per 100,000 among HIV-seropositive women 19, 20 with 95% confidence intervals of (CIs) 6 1000, 500, and 200 per 100,000 that we would have to enroll 753, 3012, and 18,824 HIV-seroparticipants respectively. Differences in proportions were estimated using the chi-square and Fisher exact tests. P values were estimated using the Kruskal-Wallis test for continuous variables and the Fisher exact test for dichotomous variables. P values and 95% CIs for the logistic regression were estimated using the Wald test. Table 1 ). HIV-seropositive women were more likely to report symptoms (23.1%) than HIV-seronegative women (13.8%, P , 0.01). HIV-seropositive women were also more likely to report a history of TB (8.6% vs 2.5%, P , 0.01) and a history of household TB contact (23.8% vs 20.2%, P = 0.01).
The PMTCT nurses reviewed the symptom screens and further evaluated 88.4% of HIV-seropositive TB suspects and 83.0% of HIV-seronegative TB suspects. Among those TB suspects not evaluated further by the PMTCT nurses, 50.0% were HIV-seropositive and 50.0% HIV-seronegative; and 22.6% reported a cough for 2 weeks or longer, 26.7% sputum production, 35.9% cough for 2 weeks or longer or sputum production, 22.6% fevers, 12.8% sweats, 57.4% weight loss, and 61.2% no weight gain. On bivariate analysis, there was no difference in rates of successful sputum collection from HIVseropositive versus -seronegative TB suspects (49.1% vs 49.7%, P = 0.88), but sputum collection occurred significantly less frequently among HIV-seropositive TB suspects with CD4 + T-cell counts greater than 500 cells/mL than those with CD4 + T-cell counts 500 cells/mL or less (36.7% vs 53.0%, P = 0.04). Sputum was successfully collected more frequently from TB suspects reporting a cough for 2 weeks or longer (60.4% vs 44.8%, P , 0.01), sputum production (68.6% vs 34.8%, P , 0.01), fevers (56.4% vs 46.8%, P = 0.03), history of TB (63.3% vs 47.9%, P = 0.03), or history of household TB contact (56.0% vs 45.9%, P = 0.01). Sputum was successfully collected less frequently from TB suspects reporting weight loss (33.6% vs 61.6%, P , 0.01) or poor weight gain (36.6% vs 61.5%, P , 0.01). On multivariate logistic regression (see Table 2 ), only sputum production (odds ratio [OR], 3.26; 95% CI, 2.27-4.68; P , 0.01) and poor weight gain (OR, 0.61; 95% CI, 0.43-0.86; P , 0.01) remained significantly predictive of whether sputum was collected. The same two symptoms were again predictive of sputum collection among only HIV-seropositive participants (Table 3 ). All TB suspects, including those who were unable to spontaneously expectorate sputum, were referred to the TB clinic for further evaluation, but no additional information is available regarding any investigations performed or ordered by the TB clinic.
Fifteen TB cases were found: 10 of 1454 HIVseropositive pregnant women (688 per 100,000 [95% CI, 330-1,260 per 100,000]) and 5 of 2483 HIV-seronegative pregnant women (201 per 100,000 [95% CI, 70-470 per 100,000]; P = 0.03; Table 1 ). The clinical characteristics of the 15 TB cases identified are shown in Table 4 . All HIV-seronegative TB cases but only 60% of HIV-seropositive TB cases were AFB smear-positive. One HIV-seronegative participant was found to be AFB smear-positive but had a negative mycobacterial culture and was included as a case. None of the TB cases had isoniazid or rifampin resistance.
There were no significant differences in age, gestational age, weight, or median CD4 + T-cell count between HIVseropositive pregnant women with and without TB (see Table 5 ), but HIV-seropositive TB cases were significantly more likely than noncases to report cough for 2 weeks or longer, sputum production, night sweats, and weight loss. The majority of both HIV-seropositive TB cases and noncases reported not knowing the duration of their symptoms. Similar proportions of HIV-seropositive TB cases and noncases reported a history of TB or history of household TB contact.
There were no significant differences in maternal age, gestational age, or weight between HIV-seronegative pregnant women with and without TB (see Table 6 ). HIVseronegative TB cases were significantly more likely than noncases to report cough for 2 weeks or longer, sputum production, and fevers. The majority of both HIV-seronegative TB cases and noncases reported not knowing the duration of their symptoms. A higher proportion of HIV-seronegative TB cases than noncases reported a history of TB (20.0% vs 2.5%, P = 0.12) and a history of household TB contact (60.0% vs 20.1%, P = 0.06), but these differences were not statistically significant.
In addition to the TB cases identified, six participants had negative sputum smears and grew nontuberculous mycobacteria on culture: one M. avium intracellulare, three M. gordonae, and two M. scrofulaceum. One HIV-seropositive participant had M. avium intracellulare and one HIVseropositive participant had M. gordonae. Only one of the six participants with nontuberculous mycobacteria reported a cough, three reported sputum production, two fever, two weight loss, and zero night sweats. 
DISCUSSION
We implemented active case-finding for TB in pregnant women through public sector healthcare services with existing staff and using the routine laboratory system. The prevalence of active TB among HIV-seropositive and -seronegative pregnant women in this study was high at 688 and 201 per 100,000 respectively. The prevalence of pulmonary TB among HIV-seropositive pregnant women was similar to the overall prevalence of TB in South Africa (808 per 100,000). 21 Such a high prevalence of active TB in pregnant women with and without HIV infection is of enormous public health concern given the potential impact of the disease on pregnancy outcomes and the unique vulnerability of newborn infants exposed to infectious TB.
Five of six of the study sites were community-based clinics. The majority of South Africans receive their health care free of charge at public sector clinics. Our study suggests that active case-finding for TB can be integrated with routine delivery of PMTCT and other antenatal clinic services but that there are challenges to implementation. Almost all the women invited to enroll in the study and be screened for TB consented to do so; however, only 44.7% of women presenting for antenatal care at the study clinics were enrolled. The routine clinical staff was not consistently adherent with offering TB screening to all eligible women and may have been biased toward screening women who they perceived to be at higher risk for TB, as evidenced by the higher prevalence of HIV in the study population than in the general population of pregnant women at that time (36.7% vs 30%). The PMTCT nurses did not further investigate approximately 15% of TB suspects despite their having had a positive symptom screen, but sputum was collected with similar frequency from HIVseropositive and -seronegative TB suspects. There did not appear to be a bias on the part of nurses to try harder to obtain sputum specimens from HIV-seropositive than -seronegative TB suspects; however, sputum was collected more successfully from TB suspects with CD4+ T-cell counts 500 or less than greater than 500 cells/mL. Sputum production was the only symptom that was consistently predictive of successful sputum collection, although interestingly, poor weight gain was consistently predictive against successful sputum collection. We did not use invasive techniques to obtain sputum specimens from TB suspects who were unable to spontaneously expectorate a specimen; however, Bell and colleagues in Malawi have demonstrated that invasive sputum collection techniques, including physiotherapy-assisted sputum collection, sputum induction, gastric washing, and bronchoalveolar lavage, provide little additional diagnostic yield. 22 Poor clinical staff morale and low motivation to take on new responsibilities without additional remuneration were important obstacles to integrating TB screening with PMTCT services in our setting, but additional training and supportive supervision could potentially improve identification and investigation of TB suspects. Implementation research is needed to assess how, the order in which, and by whom services are provided to minimize patient wait times and staff workloads and to optimize patient flow and service delivery.
Prior smaller studies that estimated even higher prevalences of TB among HIV-seropositive pregnant women in Soweto focused on higher-risk populations of pregnant women attending a tertiary care hospital and a community health center located adjacent to an informal settlement. 19, 23 Our study may have underestimated the overall burden of TB among pregnant women in Soweto because one of our screening symptoms was cough for 2 weeks or longer rather than cough of any duration 24 ; sputum was not successfully collected from all TB suspects; we did not request sputum from asymptomatic participants; only one sputum specimen (rather than two or three) was requested from TB suspects; chest x-rays were not performed; no testing was done to assess specifically for extrapulmonary TB; and we did not collect data on further investigation and treatment of TB suspects who were negative on sputum smear and mycobacterial culture and who were referred to TB clinics. Other studies have found a high prevalence of asymptomatic tuberculosis among HIV-seropositive persons. 25 
TABLE 4. Clinical Characteristics of TB Cases
HIV-Seropositive
HIV-Seropositive HIV-Seronegative AFB Smear-Positive AFB Smear-Negative AFB Smear-Positive (n = 6) (n = 4) (n = 5) Different strategies are needed to more accurately and cost-effectively screen HIV-seropositive and -seronegative pregnant women for TB. The World Health Organization has optimized a symptom screening algorithm for its sensitivity and negative predictive value in HIV-seropositive persons, 24 but this algorithm needs to be validated in HIV-seropositive pregnant women, HIV-seronegative pregnant women, and other HIVseronegative persons. We performed 165 sputum smears and mycobacterial cultures to diagnose 10 cases of TB among HIVseropositive pregnant women and 170 sputum smears and mycobacterial cultures to diagnose 5 cases of TB among HIVseronegative pregnant women, demonstrating the need for more specific symptom screens to allow for better targeting of laboratory resources to those most likely to have TB.
Sputum smear microscopy, the most commonly available TB diagnostic test in most high-burden areas, has a sensitivity of 50% to 80% and 10% to 40% among HIV-seronegative and -seropositive patients with TB respectively, [26] [27] [28] [29] [30] consistent with our finding that 100% of HIVseronegative and 60% of HIV-seropositive patients with TB were sputum smear-positive. Not only is sputum smear microscopy an insensitive test for TB, particularly among HIVseropositive persons, but it is unknown whether sputum smear microscopy performs as sensitively in pregnant women in whom there appears to be an increased risk for extrapulmonary TB. [31] [32] [33] Sputum smear microscopy is significantly less expensive than mycobacterial culture, the current gold standard for TB diagnosis (approximately $5 US vs approximately $20 US at the National Health Laboratory Service in South Africa). New rapid tests for M. tuberculosis and drug resistance have the potential to be used as point-of-care diagnostics and could improve case detection with low human resource, laboratory, and infection control requirements. 34 Rapid diagnosis of TB with immediate initiation of treatment is likely to reduce morbidity and mortality and may impact on transmission of TB to the fetus or neonate. 13 Studies are also needed to assess accuracy and cost-effectiveness of combinations of different symptoms screens and diagnostic tests for TB among HIV-seropositive and -seronegative pregnant women.
The proportion of HIV-seropositive pregnant women in this study was 36.7%, the majority of whom would have been eligible for isoniazid preventive therapy, which has been shown to decrease the risk of active TB by approximately one third among HIV-seropositive persons. 35 Additionally, 55% of HIV-seropositive pregnant women in this study had CD4 + T-cell counts 350 cells/mL or less and thus were eligible for antiretroviral therapy based on current South African treatment guidelines. These data document the enormous health burden of TB and HIV in pregnant women and underscore the need for women-centered approaches to combat and control both diseases. Maternal and child health, reproductive health, and family planning services are reliable points of contact between women and the healthcare system; these points of contact provide opportunities for delivering and HIV-and TB-related services, including HIV testing, cotrimoxazole preventive therapy, antiretroviral therapy, TB screening, and isoniazid preventive therapy.
Through the Global Health Initiative, the US government has proposed to significantly increase funding for maternal and child health. 36 The Global Health Initiative aims to support horizontal, integrated health programs. The time has come for integration of TB, HIV, maternal and child health services, and health systems strengthening efforts. In high HIV and TB prevalence areas, active case-finding for TB should be integrated with routine antenatal care to prevent morbidity and mortality in both pregnant women and their children.
